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INTRODUCTION 


The aim of this book Ifl lo provide a solid backirotiiid ^or inore 
advatiCKl couTBes for tbOfl« stud^ts who will continue In physics, 
whllfl at the eame time giving adequate coverage of the phenromena 
and theory of electricity at a ineanin^ul level for those students 
who will go no further Into the subjects On the basis of three years 
experimentation with the text, while in proUminary form, with eUi- 
dents representing a broad spoctrum of abilities, some success can. 
be claimed. The major objectives dI the course have been ruLflDed 
for both Lhe unusually gifted and motivated atudentu and for those of 
more ordinary abilities. 

The course for which this book was pUnned Is designed for one 
semester and is usually taken by begirniing sophomores. Apprtsxi- 
mately 39 lectures of 50 minutes each (or £6 lectures of 75 minutes 
each) have been avaliable. Lecture demonstratlons have been used 
to Illustrate and emphasize the basic phenomena of electricity and 
magnetism^ In addition^ IE laboratory sessions (one per weekly 
lasting 2 to 3 hours have been given. Since the lecture sections have 
been targe (up to 200)^ inTormal discussion sections (about 2Q stu¬ 
dents) of one hour each week, often led by teaching asslGtanlSi have 
been found uselul. Three lecture sessions have been used for mid¬ 
term GxaminatlDns, and a problem set has been assigned each week. 
The students in this course have usually had a full year of col¬ 
lege malhematlca, Including analytic geometry and have some un¬ 
derstanding of both differential and integral calculus. They have 
also had a one^apmester physics course bi moelianics. Esperiencs 
has shown, that although students may have reasonable facility with 
lhe formalism of differentiation iind integraNon. they may be weak 
in the ability to aiqjly these techniques to problems in i^ysics. For 
this reason, care has been taken bd show with Illustrative examples 
the relationship between physical problfims and their mathematical 
solution. It is assumed that students are ramillar with vector quan- 
tlliBfl, but the concepts are reinforced by dtacusabns of unit vectors 
and scalar and vector products^ 

One of the most powerful techniques for the study of the vector 
quantities of el«ctriclty,i as exemplified by the development of 
law (Chapter 2),, is the reLatlonship between volume and 
jjurface integrals (Ssetlon 6.4). The use of these techniques tn this 
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t-aursi? lor study of «lectrlc and magnetic quantitJea aimpUfl^a 
the underatajiding oJ phy^tca^ aiuj also helps the student to realize 
the importance and meaning of the mathematical conceptfi. 

InetrnciorB who are planning to give a course of this type may 
find helpful the foLlowlng schedule o| lecturesp laboratory experl- 
mentSp and answers to even-nMinbered problems< 


gu|j^e&ted Lecture achediUe 

39 Lecture ^50 minutes each) 


Lecture 

Chajgter 

Subjects 

1 

1 

CDulomb^a law 

2 

2 

Electric fields^ conductors« lines of force 

3 

2 

Gauss' laWp Eield calculations 

4 

3 

Electric potential 

5 

3 

Potential dUfrerence 

e 

3 

Field ve. potentLal 

1 

4 

Capacitances 

s 

4 

CQmblnatfDnfl of capacitors^ stored energy 

g 

i 

Force via change in stored energy 

10 

6 

Dielectrics p polarization 

11 

5 

Blectric dispLacemeuL Q 

L2 

5 

Stored energy, depoIartzatiDu factor 

13 

6 

Force between clirreutB 

14 

6 

Magnetic Induction field 

15 

6 

Magnetic flux, force on moving charges 

16 

7 

Currenu resistance 

17 

T 

Current and voltage measurement, emJ 

16 

7 

ClrcultB„ resistivity of metalsp contact potencial 

19 

B 

Motional emf^ Faraday's law 

20 

9 

Lettz^a principle, mutual and Helf inducl^ce 

21 

B 

Stored magnetic energyp ballistic galvanometer 

22 

9 

Magnetic effects In matter 

23 

9 

B vSh It, stored energy 

24 

G 

Ota-, para-, and ferromagnetism 

25 

g 

Permanent magnets, magnetic circuits 

26 

10 

A-C circuits, Lj C, R 

27 

10 

Transients, filters 

26 

10 

Generators, motors 

29 

n 

Vacuum tubes 

30 

11 

Trans is tors 

31 

12 

Displacement currents 

32 

12 

Development of Maxwell's equations 
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Lecture Chapter 


Subjeete 


33 12 

34 13 

35 13 

3S 13 

37 14 

38 14 

39 15 


Porting vector, wave* In fiiidea 
Gas discharge 

Motion dE charged partkleis lii field* 
Magnetoh^drodfriiinilc waves 
Blectrlc and magnetic Quantum effect* 
Electric and magnetic qunuitom effects 
Units and review 


Comment* m Uectore Schedule 

Since dlHerent claassB may well cover the material at different 
rates, It may be useful to Indicate certain sections of the book which 
could be eUmlnated from the cmirs^t should time for all of the ma¬ 
terial not be available, tn particular, the fnaterial In Chapter 13 
could be omitted without destroybig the unity of the course. This 
material on eonduclion in ea*e^ and magneto^^ydrodynamlcs has 
been Included because of its foundation* In DlectromagnetlE! theory, 
and because of current active r^earch develppment, but it could 
clearly be postponed to a later course. Eltnilarly, Chapter 14 on 
quantum effects could be omitted, especially when students will 
have further course work on modern physic*^ 

If addiUonal curtailment Is necessary, parts of Chapter 9, on 
magnetism In matter, could be omitted^ such aa Sections 9,3, 

9.1^t 9.11, and 9.12 on paramagnetism, dlamagnetl^mp and ferro¬ 
magnetism. These subjects involve the applloatloii of electro mag¬ 
netic theory to solid stale and, while of great interest and impor¬ 
tance, could be omitted without serUnis disruption to the study of 
general eleclromagnellc theory, The same argument could be ap¬ 
plied to Section* 7.i0, T. 12, on resistivity In metals and contact 
potential*, a* well as to the ntaterial on vacuum tubes, transistors, 
and klystrons in Chapter 11. However, for those students for whom 
this course Is a terminal One In electricity. It would seem a serious 
omission to leave out all oi these interesting applications of elec¬ 
tromagnetic theory. 


Laboratory Ebtperiments 


Laboratory experiments at the lower dlvIsSon level vary consid¬ 
erably from one college to another and depend largely on facilities 
and equipment available. A listing of experiments Currently in use 
at Berkeley is given below. There is a wide range of choice In this 
matter and the author knows of no very strong arguments for one 
experiment over another. Much more Important i* the way In which 
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the Liboratory ie run ajid tbe degree of InltULtlve which the EtudentB 
are called on to ubCp 

Typlcut E)tperlmenta In Electricity and Magnetiam 

1) EquJpoterttial Lifter Electric FieMa 

A mapping expert tiding an electrolytic tray. Argument 
Lb made to show relattan^hlp of potentlaL dletrltmtiDn tn a two 
diznezialonal electralylic tanlc containing eLectrodee to the pa- 
tential distributian In a vacuuni resulting from charged three 
dlznenHlonal eiectrodes. A probe connected to a potentiometer 
lA used to plot equlpotentlal llnea and from these electric field 
lines axe cDnstructed. Experl mental raflults are compared to 
theory for a right clrculax cylinder electrode with axis perpen¬ 
dicular to a untforD] field. 

2) Electrostatic Forces 

Two parallel plane electrodes are charged to a known po¬ 
tential differencei The electrostatic force between Iheiti Lh 
tn-easored by tilting Ihe assembly until the component of the 
gravitallqtial force on one of the electrodes causes It to fall 
away from the parallel pcsltlon. Experimentally determined 
quantities allow evaluation of the electrostatic force canstant 
in terms of cq. 

3} The Potentiometer 

A simple slide wire palentJometer is calibrated by means 
ot a standard ceiL The potentiometer is used to measure with 
precision the emf of a dry cell, and by Inserbng resistance 
loads across the dry cell^ its internal resistance is measured. 

4) He&^tance Measurementa^ Wheats tone Bridge 

a) An ohmeter circuit is studied and used to measure a 
series of unknown resistors. 

b) A Wheatstone bridge circuit is imed for further resist¬ 
ance tneasurementSp including the resistance of a germarLlum 
diode. It is shown that the diode Is non-ohmic. 

5) Moving Coil Galvanometer 

A moving coll galvanometer m calibrated by the student, 
and used to measure a high reaielance. 

6) The Ballistic Galvanometer 

The student studies the use of a ballistic galvanometerf 
learns how to lake into account Ihe damping factor erf the In- 
strumentf and measures a capacity and a mutual liKluctanca. 

7> Magnetic Field Measure menu 

A magnetometer Is used to compaxe the field of a perma¬ 
nent bar magnet with the earth's field. A teat is made of the 
1/r^ dependence of the field of the dipole. 
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O) The Vacuum Diode 

Diode characteristics are studied. Eftecto discussed include 
thermionic emlssloUi apace charge eflectSj current-voltage 
chaxactertstics. With the aid of an oaellloacopfip the diode 
character tstlcs are measured. 

9) The Capacity Bridge 

A capacity bridge Ls used U> measure the capacity of a ca¬ 
pacitor and, using a parallel plate capacitor^ Ihe djeIi]^ctrlc 
constant of seTeral materials Is obtained. 
lOJ L, q and R In A-C €ireutU 

The current- voltage and phase relations In a series LiCR 
Circuit are studied, using an oseinoacope. 
ll) The Vacuum Trlode 

The clmracterlBtics of a trlodo are investigated. Parame¬ 
ters deilnedt discussed, and measured include the amplUlcatlon 
factot]! mutual conduclance, and plate resistance. A simple 
ajDpUfler circuit is constructed and its properties studied. 

12J MjagnettoattQn and Hysteresis in Iron 

The B'H curve and hysteresis loop o( an iron bar ts meas^ 
ured, using a ballistic galvanometer. 


Films available 


The following Lis I of films represents a selection from Ihe mtmy 
now available on sublects involving electricity atid magnetism. 
There may be some occasipna on which Inetriictors would like tq 
use acme of these during regular class meetings. In addition, a se¬ 
lection of these filma could provide a fitimulating series for a few 
voluntaryjcr optional afternoon or evening m^cOngs of the class. 
Since some of the films are quite short, several filiDo could be 
shown at one tneetlng. A few of the fUms Listed cover basic ideas 
of electricity but moat of them give applications of electrical Laws 
In various applied fie Ids« 
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ANSWERS TO EVEN-NUMBERED PROBLEMS 


Even Problem B 

JT 

^ = TZ7 —^ newtxme 

,ul 

1-4 aJ F - ■ ^ Dewtone 

4v€o 

1-6 a) =-Q/2^ coulomha 

b) No 

1.0 a) 6.65X 10^ rev/sec 

b) ]0-4x lo^*^kg-^*racl sec * 

c) 1.30X 10^ m 

2.2 aJ Q/cd iLnesi 

b) N = Q/'32virD lines 

c) 1 Une/™* 

2.4 Any spherically symmetric distribution 

2.6 l.fl&x neiAlonB/coiilQiab 

2.8 E - newtoQs/coulanib 

2.16 (46Q/4t£[i) joules 

2.12 a) T E a Q sin 6 newton meters 
b} W = 2a Q E Joul^ 

c) T ^ Sir (i/a Q E)* sec 
2,14 E»(12q aV4ff€(ir^) newtoos/coulomb 

2*10 A ■ 3Q/vR* 

Kin = (l2Q/4^e,Jl^)[[Rr - newtona/coulomb 
S«ii ■ (Q/4Te&r^ ncwtona/ooulomb 
3*2 Plane lit al midpoint. V » D 

3.4 W = |qQ{rA “ rp)/4ir€dr^r|J joules 

3.0 V - (ft/4t^oR) volts. W - (QV4»^HaR) joules 

3-0 V = = 0.59 x 10’ oi/sec 

W - 1.6X 10'*’Joule = L6X m^^ergs = lOOev 
3.10 [AiiBwer not to be glvcnl 

3*12 Vj ^ volts 

3*14 F = (qVilfeD4a^ newtons 




3J6 


4.2 

4.4 


4.0 

4.0 

4.10 

4.12 

4.14 

4.18 

4.18 


8.2 

5.4 

5.6 

5.8 

^ 5.10 
0.2 

6.4 
6.0 

6.8 
6.10 
6.U 
6.H 

0.18 

6.1B 

6.2D 

6.22 

6.34 

0.26 

0.28 

0.50 

^.2 

7.4 

7.6 


— s ^ J. 

E, (bit - iKit* + ^ ^ + 3 as* ts* + ■ voLt«/met&r 

_1 _ a 

E, ^ 3 - y*J * + by (k* + yl ^ volta/ioBter 

=‘ 4 )] 


Vj avi, u, ^ 2 Ui 

Ci/Ca Ci/Ca 

V, = b.56x i(r“ voh 

Vp - t.a2x 10"•volt 

C = O.Tt X l(r*liraia 

aj U = KT'jmile 

b) U = 6 X lOr' joule 

a = (eVStfomc*) » 1.28x lo'^ meler 

aj U ^ 8,B5 X KT* joule 

b) W * 1.77X lor* joule 

c) V « laoo volte 
[Answer not to be KlvenJ 
Ui 3 KUIJouleB 

Ch/C. - 4KiKi/(Ki + KJ*" 
dQp - 2ffr*P sin & COB & d& 

Qp = f r*P coulomb 
K ^ 1.5, )( * 0.5 

B - ^ 4VSy4ira » 1-13 X 10"* Tvabep/m* 
[Answer not to be glvenj 
B “ In [(b + a)/a| weber/ru^ 

r " OiflUli/vT #mg) meters 
B a Ueou^ai/^) webere/m* 

F ■ {^oN*I^A) neietons 

a) B ■ 1.82 X 10^^ iireber/m^ 

b) H ■ 1.06 K 1Q-^ weber/m* 

F = 8.33 X nr* newtott 

R]ii ^ 0 

B = .02 iitober/ro* = 200 gauss 
V = 2*46 X I o’ m/gec 
T - [ B a newtons 

F “ 141a2vrBo cfos 0 nswlOns^ upwards 
B (M6Nl/4rJ weberB/m’ 

B = 3.50 X lET* weber/m* = 35.8 gauss 
Hall effect 
T * 2.00X 10’“^ sec 
R ^7 ohm 
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T.e 


lAO 

1A2 

7*14 

7*16 


7.16 

7.20 

9.2 

5.4 
3.6 

3.6 

8.10 

3.12 

3.14 

3.16 

3.16 

9*2 

9.4 

9.6 

3.6 


0.10 

10*2 


a) R ■ 3f^ obmi 

b) Pj B 2.33 wattM 
P;i - 7.2€ watta 
P, “ 0.854 w^ti 
P* “ 0.84 waU 
Pk ^ 0.428 watt 

l) R' - <RiR * 2RjR, EtR.}/(2R + Rt * R.) 

b) R' > 2f ohmB 

e) R^ B 3 ohms 

W B Qv => QiR joulea 

P B L^R joulea/sec watts 

H ■ l’il/4-lB caSortea 

aj R, ^ 0.05 ohm 

h) R, = D,15 ohm 

1» = TT amp 

1. “ -ff amp 

li B amp 

Hl b 2095 ohma. R. b 12,000 ohms, R. - 135|0CI0 ohms 
R», - 3000 Dhma. Ri.v = ]«,0t>a Dtima, R^ov 1^0,000 ohms 

H* - Hi 

3m = ci^BiiA mlta 

M w 7 sm V/f" henry^ 

[No answer to be ^venj 
U V 230 joules 
;C = 900 volte 

_ dBt 

W/cycle a 2irR'B Joules/cycle 

(No aiwwer lo be ^veoj 
dl/dt ^ 23 am|pd/tiec 
tJ-^xiCr*}oiae 

V ■ m/«ec 

V' ■ 4t m/aec 
[No aiiswer to be el^n] 

N| » 8*33 ^ Itf amp-turns 
B ^ 0.3 webBr/m* 

Power density ^ 13 watte/iti^, P - 24x id"* watts 
luM ^ 0.04 amp 
L « 2,3 X 10"* henry 
L would decrease 
X ■ 3 X io“* lo 


a) I 


|v,/(h* + ci/wO'F 


Bin (4ut ^ #= lan"* 


1 

wCR 


8 




b) > 0 

d (Vh leads Vj 

d) V* - VaR/lR* * (l/wC)*J ™lia 
V, = {Vo/wC]/lR* + (l/uiC)“] volte 
eJ (No answer to be ^IvenJ 

10.4 a) N« = NBA sin 9 webere 
!>}£=- Nu>BA eos uft volU 

c> G = Ni^BA 1 

d) i = -N«BA cos wt/tB* + w*L*l* amps 

e) 4 = laa'*{wL/1l) 

f) * = 0 

ff) II la«8 Vl by fiO* 

10,0 lo = D,S30 amp 
l„-0 

= 0-168 amp 
P - 0 

10.0 (Answer not to be siven] 

10.10 a) = 1/{LC)^ rad/sec 

b) V*/R amps 

d) tt> - 0, ^ 

10.12 aJ fNo answer to be given] 
b) t = (L/TO In 2 sec 

e) T = h/K sec 
10.14 a) i ^ (1/Rd In 2 &ec 

b) l«u" Vui/R amps, at t ■ D 
^inmK ■ C V9 coulombs at t - “ 
dJ t X (l/Rd In 2 aec 
10.16 EC ■ 8,69 X 10 * sec 

11.2 [Nd atlflwer to bo g^venj 
11*4 |nc> answer to bo given] 

12.2 [No answer to be given] 

12.4 a) 3 X lO^ c^feLes/see 
b) 3 X lO" cycles/sec 
cJ 10“ cyclefl/ftec 
dMx 10“ cyclefl/eec 
e> 8x 10“ cyclea/Bec 
1) 3 X 10“ eycles/aec 

g) 3 X 10® cycles/oec 
12.6 (No answer lo be given] 

12.8 i ■ 1.5 X 10“ cycles/sec 

12.10 Lo^O.llma 
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EXAMINATIONS 


The following saotple examlnatlono show the level aX which stu¬ 
dents may be expected to perform. The three midterm exa.lDlnfttions 

CdT^r Byccessive parts of Uifi course and aro planft«d for 
periods* On« cr more prableiDB would be omitted tor 50 -minute ex- 
aminatians. The two flnai eKainljifttk>nfl given are planned for a 
Uiree-hour period. 


FtRST MIDTERM EXAMINATTON , BO mloutea 

CLOSED BOOK EXAM 

NOTE: Give units of All answersE 


1. (20 points) A 

Four charges of e^ual magniludc and of eigne 
as shown are placed at the corners □! a 
square of aide a* Find the potential of a 
poinl p on the equare, a distance s from a 
negative charge at the corner* Far what 

value of a Is V » o? Show In a alceteh Ihe ^ - 

Locus of other points in the pUne for which V » o. If there La a 
point or points in the plane at which E = o^ Ideiittfy it or theiCp 


2 . 


3 . 


(ao points) 

Two coaxial cnetaJ cylinders of Length L 
have radii m and b as shown. A total 
charge of +Q Is placed on the inner cyl¬ 
inder. Use Gauss' law to find the field at 
a i^iuE r between the two cylinders. 

Use this result to obtain the potential 
difference between the two cylinders. 

(2D points) 

Two dipoles of electric dipole znoment p qa 
Lie along the same axis as shown. For r K>a, 
find the aj^roxlmate expression for the force 
between the dipoles In terms of p and r. 
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4. (ZOpoLntfi) 

Charges +q ami -q are- located On a rigid 
rod which Ls free to rotate abwl the point 
The distances ol the chargee from o are 
ri and n ftS shown. The rod ttiakes an 
angle & With a uniform fieM Find the 
torque acting on the rod about the point o. 
Express the anawer in ter mo of the dipole 
moment p produced by the pair of charges. 
Show the dlreetion of the torque. What is the 
on the rod? 



net electrtcaL force 


S, (20 points) 

Two capacitors of known capacity Ci and 
Cl originally unchar god are connected to 
a source ol known potential difference^ Vn- 

a. Find the expresslcin, tn torms of known 
quantities, for the potent tat difference V*. 

b. Syppoeo that the two charged cut^citors are now isolated 
from the vohage source Vsh and that a third uncharged ca¬ 
pacitor of known capacity Cs Is placed in parallel with C*- 
Find the expression for the new potential difference 
across Ct< 



SECOND MIDTEHM EXAMIWA.TtON > 80 minutes 
CLOSED BOOK EXAM 

1. (20 points) 

A s^erlcal btcKk of dielectric is placed In an ariginally uni¬ 
form electric field shown. 

Given the values of Ihe following 
quantities: 

£« = original uniform field 
X ^ suflceptiblllty of dielectric 
tn ^ permittivity of free space 
- depolarizing field of Induced 
surface charge 

a. Write the expression for the dipole moment/unlt voLumei P, 
Induced In the dielectric. In terms of the given quantities. 

b. Write the expression for the Induced surface charge densityp 
Op, at the points B| and sa- 

C 4 Give the sign of the surface charge density at si and 



n 















d. Find the dipole moment of the sphere^ glvefi the value of P. 

e. Write the eTEpreoslon for tbe dletectric con^ptant^ K, &n terms 
of ^ven quantity or qiantltiesp 

2 r (16 points) 

Use Canas' law for D, the eleetrlc 
displacement, to find Ei and Ea in the 
capacitor showOd Show in a filcetch the 
Gaussian surface you use. The two 
dielectric blochs completely fill the 
space between capacitor plates. Find the potential difference, V, 
between the plates for a cJiarge density Cf ehi the plates. Con¬ 
sider kit a, bp and rn known and e^cpreas your answers tn 
these terms. 

A. (id points) 

Two Long po-rallsL wires carry a current i in the ^ ^ 

same direction. A point P Ues in the plane of the 
wlreSp a distance a from one wire and b from ^ 

the other. Find the magnetic Induction Meld B at - 

the point P (magnitude and direction}. Suggestion; ^ 
use Ampere's circuital law to calculate the con¬ 
tribution from each current, 

4. (Id points) 

Given that a particle ol charge e and mass m Is moving in a 
plane perpend Lcular to a uniform magnetic Indue tlon field Bi 
and that It moves in a circular path as a result of the magnetic 
force^ find the angular velocity with which It rotates. 

&. tl6 points) 

A wire of circular cross Bcctiont radius a^ 
carries a uniform current I om of the paper. 

Find the magnetic Induction B at a distance r 
from the center of the wire, fr < a) 

6. CIS points) 

Show from Gauss' law for E that If P*jl3 -then it 
follows that / D * dS ^ qr - 



I 

m K, 

h 

-i- 
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THIRD MIDTERM EXAMINATION ^ BO mUiulea 




I* (20 points) 

In the ctreuit shown, all R's have re^ 
sistances of I ohm* V| ami Va are each 
1 voUi Using Kirchhorf^s riales, find 
li, ii^ and ii (magnitude and direction). 



2. (20 points) 

A conducting rod of length L rotates about one of its ends at an 
angular velocity uf radians/set In a plane perpendicular to a 
uniform field B webers/Di"« Find the emf c devek>ped between 
the two ends of the rod: 

a. By the use of motional emf^ [start with F - q(.V E^)! 

b. By applying Faraday^s Law of induction. ^Consider the rate at 
which magnetic flux Is cut by the moving rodj 

3. (20 points) 

I —M I —- e» 

A king thin parataagnitic rod placed in a unHorm field Be Is 
found to be magnetized to a vaJue M In a region near the center 
of the rod. 

an Find the value oE B inside the rod near Its center^ 
b. Find the value oE B in the same region in the rod in terms 
of Bt^ and Xmw susceptibility, 
c- If the rod Is replaced by a sphere of radius r, made of the 
same material, Elnd the values of the following quantities 
Inside the sphere: (The demagnetizing factor of a sphere 
ifl L “ 

1, The demagnetizing field. 

2, B In terms of Hd and M. 

3, The dipole momenl of the sphere (as seen from outside 
the sphere). 

4. (20 points) 

Two colls, I and 2, are placed near each other. 

a. Using the fact that the mutual Inductance Mu ^ Msb show that 
If half the flint due to current in coll I links coll 2, then 
half the fluz in coll 2 links coll 1. 

b. Under these conditions, determine the mutual inductance M 
In terms of the sell Inductances and La- 
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5, {20potnt«^ 

A BOft Lrdfi fEAenet of crods e^ctldn 
A melers^ ha.s 1 flux pftUi of length a metera ^ 

In the iron ajid nn air gap of b moteri The 
perncifiabllity ol Ihe iron {cansldeTed confitantJ 
Lb A coil of N turns is wrapped cLoseij 
around the magnet aa ahowni AsBume all of the flux la confined 
to the Iron and air gap path^ 

a. Determine the self tndiicLance af the eolU 

b. Suppose a superconducting winding La placed around the iron 
aB shown- (Thta will be completely Lossless, having zero 
reslstancej What now would be the sell inductance of the 
original N turn coU? 



RMAL EXAMINATION, 3 hours 

1. (EDpolnlsJ Art electrostatic field la in the x dlrsccion and la 
given by E - where k is a constant. An electronp mass m 
and charge -e, is free to move when released from rest at a 
poaillon K * Xi- Find the velocity of the electron when it reachea 
the position X ■ 0 . 

2 , (2& pointa] A closed wire loop is made up 
of two circuLar quadrants of radii ri and ra 
about a common center and two radial con¬ 
necting lengths as shown. When a current 1 
flows clockwiae In this loop, find the mag¬ 
netic iiMlucttori field B tmagniLud^ and di- 
rsctlon^ at ths esnter of curvature P in the 
plane of the loop. 

3* [3& points} The reslativity of a 
wire of uniforio cpobs section A 
and length h varies along its 
length according to the equathm 
p = pH where x - £3 at one end and x * L at the other end. 

When a voltage V Is applied between the two ends, find the 
current In the 

4* (as points) A coll carrying 2 amps suffers a maximum torque 
of Q.3 newton meters In a fixed field. When the current aource 
is remcFved from the coU and it is rotated with its axis perpen¬ 
dicular to the magnetic Induction field at a frequency of 
1^0 rev/ mln in the same fields what will be the nsiaxlmuqa gmf 
appearing across ihe terminals of the coll? 



















5. (25 ^ints) €onBid«r Uie 
Weal tranalormer shown, 
with NI and Ns liirns i>n 
the primary and secondary 
respectively. The peais 
voltage applied to the pri¬ 
mary is ITi. The secondary peak voltage Is aiid there ia no 
load on the secondary coll. 

a. It the voltage soorcro is e knueqJdal, what jg the rrna prknaxy 
vQtiage ? {5 points) 

hn Derive the relationship between the peak vDltages> Vi and 
V^p assnimljig the resistance or the primary coll ts negtlgiblCi 
(Id poLiis) 

c. If an iron bar Is inserted 

as shown In the second ^ 

figure^ and If Gfflt of the 
Qux caused by the pri- 
mary gqes through this *“ 

bar rather than through 
the secondary collr 
will be the new rclaUcnship between Vi and Vi? (I&polnta) 

Bu (25 points! A galvanometer which gives full scale deflection 
for 1 TnlUiampere current and which has an internal res is lance 
of SO ohms in in be converted to an ammeter with full scale 
sensitivity qf tb mlLllamps. Show a dlagrana of how this cm be 
done and find the value of the extra resistance which will be 
needed. 

7. (30 points) A moving charged particle of mass m and charge e 
Is to be caused to rotate at constant velocity in circular motion 
by either a magnetic induction field B or an electrostatic 
charge Q at the center of Its circular path. 

a. Calculate for each case the angular inquency qf the par* 

tfcle in terms of e^ nip fi, Q, ss needed. 

(12 points each) 

b. For what radius will the angular frequency be the same for 
both cases? (S points) 

8, (3Q points) a. Calculate by means of the energy per unit vol¬ 

ume In an electric field the stored energy U in the space 
outside a metal sphere of radius r, when a charge Q Is 
placed on the sphere. (12 points) 
b- Compare this With the stored energy as computed from the 
work necessary to charge a epherJcal capacitor to a total 
charge Q. (12 points) (Cklculkte the capacity oE the sphere 
needed for this J (8 points) 








V 
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9« [30 points) You are to calculatg the lArtoor fr^uBnc? of an 
electronic orbit In an atona regtLLttng from an appli^ tnagnetlc 
field B, Assume a circular orbit oT constant radius r^ wdtb 
an original angular velocity w> T^e tbfl orbit perpendicular 
to the applied field. Calculate the accelemtlng force tangential 
tc the orbit on the electron ^hile B Is Increasing from 0 to 
Its final value* This force results In a calculable change in 
the momentum of Ihe electron. From this, Av or iw can be 
found. Am is the LarfEbor frequency. 


lf>, (3-5 points) In the circuit 
shown the switch Is orig* 
inally cLosed and a steady 
current flows. At t = Q 
the switch Is opened p put¬ 
ting Rw Into the circuit, 
a. What is the steady 
current before the 


Hi ■ to ahms 


-Twwr-1 

SO vuhu a 

_I 


L - 2 h 


* 90 ohms 


switch Is opened? (S points) 

b. Find the expression for dt/dl at any time after the switch 
is opened. [6 points) 

c. Find the enpresaion for the oirrenl at any time alter the 
switch is oj^ned. 

d^ Whal Is the final steady currenty (B points) 

What tfl the maKimmit vatue of dl/dt 7 (5 points) 


11. (30 poinlsJ A eonstant current 1 
La flowing Into a parallel plate 
capacitor with circular plates 
of area A, plate separation L, 
and thereby charging it. 
a. Find dE/dt by firsl fituling 

the rate of increase In surface charge density cr on the 
plates. (15. points) 

b* Use MaJTWGlFs eqimUon involving displacement current to 
find ^H *dl In t^ space between the plates^ and In par¬ 
ticular find tJiB value of H at P, at the edge of the region 
between the plates- Neglect fringing effects. (iG points) 
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FINAL EXAMmATlON , 3 hours 

Cloaed Bocik Ejtaminati&Ji : MlxiiDiim score ^ 300 paints 


i* US points/ Tte si;uiclnf belwe^ii 
neighboring charges \n the diagram 
1 b Each charge is +e or ~e+ 

Find the potential at the point at 
the center^ Fljid the field at the 
same point. 

a. (16 points) A cube of material 
of resistivity p and of dfmen' 
sions a is connected to strips 
of hl^ conductivity metal as 
shown In the diagram. Com¬ 
pare the resistance of this citbe * 

with that of a ctibe with dlmerLstons 2a, having the same 
resistivity. 

3. (4Q potcits) Consider a plane bounilary between two dielectric 
medlap having dielectric constants Kj and Ki. Determine the 
boundary coDditlons on E and D, If the elec trie fteid makes an 
angle with the aarmal lo Ihe boundaryr find the value of the 
angle of retraction,, In terms of ICa and Ka« 



4» (20 points) The figure shows 
a rigid canductor carrying a 
current 1, free tn rotate 
about the ajcLs AC- A uniform 
magnetic field B is pointed 
from right to left. Find the 
torque on the conductor 
{magnitude and direction). 


A 

p 

E 



B 


S. (40 points) A ^-cycle a^c voltage of 100 
volts (rms) is cannectsd to the load as 
shown. A current of 10 amperes (rms) 
passes through the load- A wattmeter placed 
In the circuit reads 707 watts. The a-c current is fpund to lead 
the voltage. Find the power factor. FYom the information given, 


LOAD 


10 

























draw B Circuit whlc^ cdirreBpondi to tlie load Bud det^rmlng tiie 
values of die circuit elements you use, 

6. (30 pDlnta) A pLiJie is traveLlnp east from FranclBCQ to 
New ^orkp at a speed ol 300 metera/cec (about 600 mdes/hr}. 
Assume toe matpietlc fleM to fee 1 gauss (1 weber/m^ ■ 10,000 
gause.^ and tint it 1& tipped downward at an angle of from 
toe feortaontal. Fled the emi between wing tlpe^ separated 
40 meters^ 


7. 






(40 points} A paramag- 
netlc mater LaL of mag^ 
netic BUHceptibUity ^ , in 
toe form ot a toroidal 
BoleDDidf is wrapped with 
N closely wound turns of 
wire which can be can^ 
nccted to a source of 
emf V volts- The re- 
siatasce of the coll ke 
« Another coll of 

D turns is wrapped 
around the soLenoid and 
connected to a batllEtlc 
gBlvanometer. This gecondary circuit tmg a resistance of 
¥ ohms. Find the magnetic induction flux ip In the iftipmsd 
when toe emf is connected to the circuit. What is the 

when the emf Is connected? What charge Q flows through 
the ^Ivanometer when ton emf is disconnected? 


(40 points)' A capacitor C, with an ini¬ 
tial charge Qo, Is discharged through a 
resistance H. Find the charge q re¬ 
maining on the capacitor after a Ume L 
Compare the initial stored energy with 
the energy disglpated tn the resistance 
during the entire time of discharge (from t 
detailed calculations. 



0 to i ^ “K S5aow 


3. (20 points) Two idenLiciii coils are comLected In series and 

spaced tn such a way that half the flux from coil A goes through 
coll B. Given that the self Inductance of coil A is Li henryei 
determine the set! Lnductanco of the two eoll comblmtlon, as¬ 
suming connections such that the fluxes add (ratoer than 
subtract). 
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lO. (4D polnis) A cjlLiijdricai reslstajice of lien^ Ltj radius fp and 
rsalstajicB R is connected to a circuit which piacen a potential 
difference V between Its ends. Find the magnitude and direc¬ 
tion of 5 p the Pdyntlng veetorp at all points on the surface of 

the resistance. Then evaluate f over the entire but- 

cs “ 

face of the resMtancap to show that the flow of energy as de- 
ecribed by the Poynting vector accounts for the rate of energy 
dlaslpatlon In the resistor. 




